Schools that received asthma education stuck to asthma policies better and staff were better prepared; more schools that had received staff asthma training had written asthma policies compared with control schools, more intervention schools showed improvement in measures taken to prevent or manage exercise-induced asthma attacks and more staff at intervention schools felt that they were able to administer salbutamol using a spacer.
We wanted to assess what the education sessions should cover and how they could best be delivered, but we did not find enough information to do this.
To sum up, asthma education for school staff increases asthma knowledge and preparedness in the schools, but we do not know much about actual benefits of this education for children with asthma.
Quality of the evidence
The small number of studies and the variation between them mean that we cannot be sure of the overall effect of educating school staff about asthma. The ways researchers allocated schools, teachers or children to groups may have caused some bias. Also, the fact that teachers knew whether they were in the active or control group may have affected how they behaved and answered questionnaires, and this may have led to overestimation of benefits. Lots of people who were included in the studies did not return questionnaires at the end of the study, which means that we do not have a full picture of the results of asthma education interventions.
Outcomes
Illustrative comparative risks* (95% CI) Number of participants (studies)
Quality of the evidence (GRADE)

Comments
Assumed risk Corresponding risk
Control group Staff asthma education Visits to ED/ hospital
Over previous 12 m onths, m easured at 1 and 2 years a One study reported m ean num bers of hospital visits, ED visits and urgent care visits per child in education and control groups at 1 year and 2 years Data were skewed and were not pooled
(1 RCT) Bruzzese 2006
Not graded
M ortality
No studies reported the outcom e. None m entioned any deaths during the study period 0 RCTs Not graded
Asthma control
Quality of lif e (PAQLQ) 0 to 7 scale; higher is better 6 m onths to 1 year M ean score in the control group was 5. 15 M ean score in the intervention groups was 0.14 better (0.03 worse to 0. Two studies used the NAKQ; 1 used the AGKQ. Analysis conducted using SM D * The basis f or the assumed risk (e.g. m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI) AGKQ: Asthm a General Knowledge Questionnaire; CI: conf idence interval; ED: em ergency departm ent; M CID: m inim al clinically im portant dif f erence; NAKQ: Newcastle Asthm a Knowledge Questionnaire; PAQLQ: Paediatric Asthm a Quality of Lif e Questionnaire; RCT: random ised controlled trial; RR: risk ratio; SM D: standardised m ean dif f erence GRADE Working Group grades of evidence High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate Very low quality: We are very uncertain about the estim ate a Reporting m ean num ber of events per child can be a skewed way to report these data, which appears likely given the size of the SDs. M ean dif f erence m ust be interpreted with caution b Downgraded f or risk of bias. Self -reported m easure that would be subject to perf orm ance and detection biases. Possible selection and attrition bias as well c Not downgraded f or inconsistency. One study used student report and one used a caregiver scale. Results are not statistically inconsistent but are dif f icult to interpret d Not downgraded f or im precision. Conf idence lim its cross the line of no ef f ect but lie within the M CID f or the scale e Downgraded f or indirectness as quality of lif e is not a direct m easure of asthm a control, only really a proxy
B A C K G R O U N D Description of the condition
Asthma, the most common childhood long-term condition, has increased in prevalence over the past two decades. As many as 334 million people worldwide are affected by asthma, and in some countries, up to 20% of 13-to 14-year-olds have asthma symptoms (Global Asthma Report 2014). Great advances in diagnosis and treatment have been made, but considerable morbidity and mortality are reported worldwide, particularly in lower-and middle-income countries (Global Asthma Report 2014). Since inhaled steroids were introduced, researchers have observed a significant drop in asthma mortality, but rates have failed to improve in recent years (Martinez 2008) . Childhood asthma is a leading cause of school absence, impacting negatively individual educational opportunities and more widely economies through increased time off work for parents and guardians (Meng 2012). Children with asthma have higher rates of school absence and grade failure and are at greater risk of learning disability than children without health conditions (Fowler 1992) . Access to and compliance with inhaled medications and ownership of a personalised asthma action plan (PAAP) are important factors in the control of day-to-day symptoms and in prevention of life-threatening attacks (BTS/SIGN 2014; GINA 2015). Children and adults who are socially isolated or who belong to minority groups have higher rates of mortality and morbidity associated with asthma (Global Asthma Report 2014). This may be related at least in part to reduced compliance and less commonplace use of PAAPs in these populations, although uptake of PAAPs in general is surprisingly low (Ring 2015) despite long-term recommendations for their use (BTS/SIGN 2014; GINA 2015). Lack of knowledge, high costs, limited access to primary health care, myths about medication, worries about addiction or side effects and difficult dosing regimens all contribute to poor compliance (Cochrane 1999). The National Review of Asthma Deaths (NRAD) in the UK recently reported that 80% of deaths among children younger than 10 years of age and around three-quarters of deaths among 10-to 19-year-olds happened before patients reached the hospital (NRAD 2015). Furthermore, NRAD found potentially avoidable factors that contributed to 90% of deaths in children and young people. As a result, the report describes overall care of children with asthma as inadequate, and a key recommendation of the report is that "parents and children, and those that care for or teach them, should be educated about managing asthma".
Description of the intervention
Children spend a considerable proportion of their waking hours in school, and much work has been aimed at managing asthma in this environment (Cicutto 2014). Lack of knowledge in schools and among teaching staff has been recognised as a potential contributor to preventable morbidity and mortality (Murphy 2006) . It is important to understand what can go wrong with management of asthma in schools, so that guidelines for educational interventions can be compiled for staff. No agreement has been reached on what constitutes a successful educational intervention for school staff (Coffman 2009), but problem areas to be addressed include poor access to asthma medications in schools, use of out-of-date inhalers, local regulations about medication administration and confusion about inhaler types and the ways in which they are used (Hillemeier 2006; Reznik 2015) . Indeed, given the proliferation of inhaler devices and types of medications, it has become confusing even for those who work in health care to stay up-to-date with medications and how and when to use them (Baverstock 2010; Hanania 1994). School staff may hope to rely on the school nurse to be the expert; however, this does not remove the responsibility of school staff members to have sufficient knowledge to know how, why and when they should call for assistance or use medication (NRAD 2015) . Asthma charities and research organisations list various specific, deliverable interventions that may improve the safety of children and young people with asthma in school, ranging from simple checklists to ensure that each child has his or her own PAAP and in-date inhalers to more complex online education packages (e.g. Asthma UK; NAEPP 2014). Educational interventions may take various forms, from teaching staff and teachers to recognise the symptoms of a distressed child to ensuring that they have confidence in managing a full-blown asthma attack. School policies vary locally and internationally but can be basic, non-specific to asthma, voluntary and difficult to enforce. For example, the UK government has issued regulations to help school governing bodies develop a policy that supports pupils with medical conditions, "so that they can play a full and active role in school life, remain healthy and achieve their academic potential" (Department for Health 2015). This document outlines advice on the responsibilities of governing bodies, head teachers, parents, pupils, school staff, school nurses and healthcare professionals but does not detail how policies or training for staff should be designed or implemented, and stresses that policy templates are voluntary. Asthma attacks are difficult and frightening to witness, and school staff should receive specific training so they can act quickly and appropriately (Wu 1998). Fear associated with asthma attacks and lack of self-efficacy among untrained staff can serve as barriers to appropriate care for children in life-threatening situations (Abdel Gawwad 2007).
icy within a school are to prevent children from dying as the result of a slow or incorrect response to an asthma attack, and to encourage and promote effective management of a child's symptoms to reduce the effects of asthma on quality of life and education. These outcomes may be difficult to capture in practice, and demonstration and description of benefits following educational interventions have long been problematic and enthusiastically sought (Bates 2004). Education on self-management for people with asthma has been shown consistently to improve outcomes (BTS/SIGN 2014), but it is unclear how one can best measure the effects of an intervention that is focused on school staff. Short-term outcomes regarding how the intervention has worked in terms of staff knowledge and preparedness may be most obvious and easiest to measure, but more important is the intended benefit for asthma-related outcomes among children and adolescents with asthma, which may take longer to become apparent. The school environment poses unique and manifest challenges, including co-ordination and collaboration between adult and child, and between family and school, and these challenges can be made more difficult by differences in language and literacy (Williams 1998). Any asthma education intervention aimed at school staff should work by sharing key information specific to each child, so that the responsibility for recognising potentially dangerous symptoms at school lies not only with the child's teacher, but also with other staff in contact with the child, with parents and with the child himself (NAEPP 2014).
Why it is important to do this review
Children and young people still die at home and in school, and potentially avoidable factors contribute to their death in at least 9 out of 10 cases (NRAD 2015) . Overall care of children with asthma has been described as inadequate, and involvement of school staff is recognised as paramount (NRAD 2015) . Better care in schools has the potential to reduce childhood deaths from asthma, improve the quality of life of children with asthma, maximise a child's education and minimise time off school. Some schools have recently introduced policies to address dangerous barriers to protecting children with asthma, such as use of emergency rescue inhalers when a child with asthma cannot access her own inhaler (Department of Health 2014), but obstacles and difficulties persist (Reznik 2015) . Factors specific to the school environment require particular attention to keep children with asthma safe in schools, such as frequent asthma attacks in the autumn term due to the concentration of aero-allergens, and exercise-induced attacks during sports activities (Asthma UK). It is important to review systematically the evidence that has sought to address deficits identified in asthma education for school staff (NRAD 2015) , and to assess the attributes of training packages, so they can be applied effectively (Norcini 2011). The extent to which we can answer 'how' training can be designed, 'why' it is effective and 'for whom and when' will depend on descriptive data within primary studies, but it is important to highlight this information to help professionals understand and deliver health education in a reliable and reproducible manner (Gordon 2011; Gordon 2013).
O B J E C T I V E S
To assess the effectiveness and safety of asthma education programmes for school staff, and to identify content and attributes underpinning them.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included parallel randomised controlled trials (RCTs). We excluded non-randomised studies because they would restrict our ability to imply causation of intervention effects, and because they are more likely to be subject to selection biases and confounders. We summarised narratively any non-randomised evidence that we discovered and contrasted our results in the discussion. We included studies using individual or cluster-randomisation, but we excluded cross-over studies because of the likelihood of carryover effects. We included studies reported as full text, those published as abstract only and unpublished data.
Types of participants
We included studies in which the intervention was aimed at school staff of all types, including teachers, classroom assistants, school nurses and administrative staff. We applied no restrictions with regard to gender, age or qualifications of staff, and we included staff from any type of school with pupils up to age 19 (state-run or private; comprehensive or single-sex; primary, preparatory or secondary).
Types of interventions
We included studies comparing staff asthma education versus no intervention or a minimal intervention control. We included interventions aimed at educating school staff about asthma management and how to respond during an asthma attack. We excluded studies of interventions that involved multiple components other than asthma education unless the control group also received them.
Types of outcome measures Primary outcomes
• Visits to emergency department (ED)/hospital • Mortality • Asthma control (measured on a validated scale such as the Asthma Control Questionnaire (ACQ))
Secondary outcomes
• Other adverse events (e.g. worsening of symptoms, delay in receiving short-term therapy)
• Adherence to asthma policies (e.g. proportion of children with an up-to-date PAAP at school, in-date medications at school)
• Absenteeism related to asthma • Staff self-efficacy and preparedness
Qualitative synthesis
We recorded and synthesised the following to characterise educational interventions.
• Educational content (primary material, learning outcomes, theoretical underpinning).
• Teaching attributes of training programmes used (staff and resource requirements, length of course, any follow-up service or session).
Search methods for identification of studies
Electronic searches
We searched for studies in the Cochrane Airways Group Trials Register, which is maintained by the Information Specialist for the Group. The Cochrane Airways Trials Register contains studies identified from several sources.
• Monthly searches of the Cochrane Central Register of Controlled Trials (CENTRAL), through the Cochrane Register of Studies Online (crso.cochrane.org).
• Weekly searches of MEDLINE Ovid SP 1946 to date.
• Weekly searches of Embase Ovid SP 1974 to date.
• Monthly searches of PsycINFO Ovid SP.
• Monthly searches of the Cumulative Index to Nursing and Allied Health Literature (CINAHL) EBSCO.
• Monthly searches of the Allied and Complementary Medicine Database (AMED) EBSCO.
• Handsearches of the proceedings of major respiratory conferences.
Studies contained in the Trials Register are identified through search strategies based on the scope of the Cochrane Airways Group. We have provided details of these strategies, as well as a list of handsearched conference proceedings, in Appendix 1. See Appendix 2 for search terms used to identify studies for this review. We also conducted searches of the Web of Science, the Pediatric Academic Societies archive, the Education Resources Information Center (ERIC), ClinicalTrials.gov (www.ClinicalTrials.gov) and the World Health Organization (WHO) trials portal ( www.who.int/ictrp/en/) using appropriately adapted search terms (Appendix 3). We searched all databases from their inception to the present, and we imposed no restriction on language of publication. We conducted the most recent searches on 29 November 2016.
Searching other resources
We checked the reference lists of all primary studies and review articles for additional references. On 20 October 2016, we searched for errata or retractions from included studies published in full text on PubMed ( www.ncbi.nlm.nih.gov/pubmed).
Data collection and analysis
Selection of studies
Two review authors (RC and KK) independently screened titles and abstracts of all potential studies for inclusion identified as a result of the search, and coded them as 'retrieve' (eligible or potentially eligible/unclear) or 'do not retrieve'. We retrieved fulltext study reports/publications; two review authors (KK and RC, TD or MG) independently screened them to identify studies for inclusion and identified and recorded reasons for exclusion of ineligible studies. We resolved disagreements through discussion or by consultation with a third review author (RC, TD or MG, depending on who did the initial screen). We identified and excluded duplicates and collated multiple reports of the same study, so that each study rather than each report was the unit of interest in the review. We recorded the selection process in sufficient detail to complete a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram and a Characteristics of excluded studies table (Moher 2009).
Data extraction and management
We used a data collection form that had been piloted on at least one study in the review to document study characteristics and outcome data. One review author (KK) extracted the following study characteristics from the included studies.
• Methods: study design, total duration of study, details of any 'run-in' period, number of study centres and locations, study setting, withdrawals and dates of study.
• Participants: N, mean age, age range, gender, ethnicity, language, socioeconomic status, severity of condition, diagnostic criteria, baseline lung function, smoking history, inclusion criteria and exclusion criteria.
• Interventions: intervention, comparison, concomitant medications and excluded medications.
• Outcomes: primary and secondary outcomes specified and collected and time points reported.
• Notes: funding for trial and notable conflicts of interest of trial authors.
Two review authors (KK and RC, TD or MG) independently extracted outcome data from included studies. We noted in the Characteristics of included studies table if outcome data were not reported in a useable way. We resolved disagreements by consensus. One review author (KK) transferred data into the Review Manager (RevMan 2014) file. We double-checked that data were entered correctly by comparing data presented in the systematic review against those provided in study reports. A second review author (RC) spot-checked study characteristics for accuracy against the trial report.
Assessment of risk of bias in included studies
Two review authors (KK and RC, TD or MG) independently assessed risk of bias for each study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We resolved disagreements by discussion or by consultation with other members of the review author team. We assessed risk of bias according to the following domains.
• Random sequence generation.
• Allocation concealment.
• Blinding of participants and personnel.
• Blinding of outcome assessment.
• Incomplete outcome data.
• Selective outcome reporting.
• Other bias.
We graded each potential source of bias as high, low or unclear and provided a quote from the study report together with a justification for our judgement in the 'Risk of bias' table. We summarised risk of bias judgements across different studies for each of the domains listed. We considered blinding separately for different key outcomes when necessary (e.g. for unblinded outcome assessment, risk of bias for all-cause mortality may be very different than for a patient-reported pain scale). When information on risk of bias is related to unpublished data or correspondence with a trialist, we noted this in the 'Risk of bias' table.
When considering treatment effects, we took into account the risk of bias for studies that contributed to those outcomes.
Assessment of bias in conducting the systematic review
We conducted the review in accordance with this published protocol and reported deviations from it in the Differences between protocol and review section of the systematic review.
Measures of treatment effect
We analysed dichotomous data as odds ratios, and continuous data as mean differences or standardised mean differences. We entered data presented as a scale with a consistent direction of effect. We undertook meta-analyses only when this was meaningful (i.e. when treatments, participants and the underlying clinical question were similar enough for pooling to make sense). We narratively described skewed data reported as medians and interquartile ranges. When multiple trial arms were reported in a single trial, we included only relevant arms. If two comparisons (e.g. two types of asthma education interventions vs usual care) were combined in the same meta-analysis, we halved the control group to avoid double-counting. If both change from baseline and endpoint scores were available for continuous data, we used change from baseline unless most studies reported endpoint scores. If a study reported outcomes at multiple time points, we used the end-of-study measurement.
When both an analysis including only participants who completed the trial and an analysis that imputed data for participants who were randomly assigned but did not provide endpoint data (e.g. last observation carried forward) were available, we used the latter.
Qualitative analysis
We extracted and planned a synthesis of qualitative data about content and attributes of educational interventions tested in the included studies to supplement the main quantitative analyses. We did not include studies that were qualitative reports of training programmes, with no quantitative assessment. When qualitative data were provided, we avoided making a priori hypotheses and conclusions, in keeping with a grounded theory approach. After collecting data and contacting study authors for additional information, we were unable to conduct the planned synthesis. If we had been able to, two review authors (MG and KK) would have individually coded data and developed an initial thematic index, and would have added emerging thematic categories according to interpretation of data content. We planned that the analysis would proceed through three stages, consisting of open, axial and selective coding, with comparison through each phase. We designed the analysis in this way to provide categories that could be used to explore themes of the data and to build an interpretation that could address overarching research questions.
Unit of analysis issues
For dichotomous outcomes, we used participants, rather than events, as the unit of analysis (i.e. number of children admitted to hospital, rather than number of admissions per child). We metaanalysed data from cluster-RCTs only if available data could be adjusted to account for clustering. In the case of Bell 2000, study authors did not report any adjustment for clustering; we adjusted the data using an estimated intracluster correlation coefficient (ICC) of 0.05 for the one meta-analysis to which this study contributed.
Dealing with missing data
We contacted investigators or study sponsors to verify key study characteristics and to obtain missing numerical outcome data when possible (e.g. when we identified a study as abstract only). When this was not possible, and we believed that missing data might introduce serious bias, we explored the impact of this by assigning the GRADE rating for each outcome.
Assessment of heterogeneity
We assessed educational heterogeneity by comparing the distribution of important participant characteristics between trials (e.g. age of pupils concerned, learner groups) and methodological heterogeneity through trial characteristics (randomisation, concealment, blinding of outcome assessment, losses to follow-up, treatment type, co-interventions). We collected and presented these characteristics in the Characteristics of included studies tables and summarised similarities and differences between studies in the results. We assessed statistical heterogeneity by examining the I² statistic -a quantity that describes the proportion of variation in point estimates that is due to variability across studies rather than to sampling error. We interpreted the I² statistic as suggested in the latest version of Higgins 2011.
• 0% to 40%: might not be important.
• 30% to 60%: may represent moderate heterogeneity.
• 50% to 90%: may represent substantial heterogeneity.
• 75% to 100%: suggests considerable heterogeneity.
We also evaluated the confidence interval (CI) for the I² statistic.
We employed a Chi² test of homogeneity, with a 5% level of significance, to determine the strength of evidence that heterogeneity is genuine. Review authors judged clinical and methodological heterogeneity by discussion once data had been extracted. We did this to identify barriers to effective and appropriate meta-analysis, as well as to any relevant sensitivity analysis, based on this primary data set.
Assessment of reporting biases
We were not able to pool more than 10 studies, so we could not create or examine a funnel plot to explore possible small-study and publication biases.
Data synthesis
We used a random-effects model and performed a sensitivity analysis by using a fixed-effect model.
'Summary of findings' table
We created a 'Summary of findings' table using the primary and secondary outcomes listed in the protocol. We used the five GRADE (Grades of Recommendation, Assessment, Development and Evaluation Working Group) considerations (study limitations, consistency of effect, imprecision, indirectness and publication bias) to assess the quality of a body of evidence as it relates to studies that contribute data to meta-analyses for prespecified outcomes. We used methods and recommendations as described in Section 8.5 and Chapter 12 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011) while using GRADEpro GDT software. We justified all decisions to downgrade or upgrade the quality of studies by using footnotes, and we made comments to aid the reader's understanding of the review when necessary.
Subgroup analysis and investigation of heterogeneity
We planned the following subgroup analyses for primary outcomes.
• Primary school (entry age to 11 years) versus secondary school interventions (11 to 19 years of age).
Children at primary school may have broadly different needs from adolescents at secondary school with regards to behaviours, social support and extent of involvement of parents and school staff in their asthma care. We anticipated that trials conducted in different countries would vary in their terminology and in the ages at which children progress to 'secondary' education, so we have been transparent in the way we classified studies. We recognise that, for various reasons, children who are socially isolated or who belong to minority groups have higher mortality and morbidity from asthma (Global Asthma Report 2014), but assessing the effects of these factors would not have been straightforward if we had performed a subgroup analysis. Alternatively, we presented key characteristics of study populations and interventions in an additional table to capture potential sources of heterogeneity that were not easily assessed in subgroups (e.g. socioeconomic status, duration and content of interventions, ethnicity, first language, asthma severity criteria). We planned to use the formal test for subgroup interactions provided in Review Manager (RevMan 2014).
Sensitivity analysis
We planned the following sensitivity analyses to remove the following from the primary analyses.
• Unpublished data.
• Studies at high risk in any selection bias domain. 
R E S U L T S Description of studies
Results of the search
We identified 240 records by searching the Cochrane Airways Group Specialised Register (CAGR), and we identified 151 in additional searches: 39 from Web of Science, seven from ERIC, six from the Pediatric Academic Societies Archive, 10 from clinicaltrials.gov and 89 from the WHO trials portal. Thirteen were duplicates, and we sifted the remaining 378 unique records. We excluded 331 after looking through titles and abstracts, and we obtained full texts for the other 47. We excluded 41 that did not meet the inclusion criteria, which we collated and listed as 34 studies (see Figure 1 and Excluded studies). We included six records related to five studies. 
Included studies
We provided additional details for each of the included studies in the Characteristics of included studies table and an overview of intervention characteristics in Table 1 . of children in the intervention group and 20.8% of those in the control group had received a diagnosis of asthma; one study specifically stated that the classes of teachers who participated in the study included no children with asthma (Kawafha 2015). When teachers were the participants (Bell 2000; Kawafha 2015), only one study reported their baseline characteristics; all were female with a mean age of 36 years in the intervention group and 34 years in the control group (Kawafha 2015). One study reported that 91.7% of teachers in the intervention group and 62.2% of those in the control group had received previous training in asthma (Bell 2000) .
Interventions
Interventions provided in these studies included educational programmes or training sessions (Table 1) 
Excluded studies
We listed 32 studies as excluded after consulting the full texts to determine their eligibility. The most common reason for exclusion was that the intervention was aimed solely or primarily at students or parents rather than at school staff (18 studies 
Risk of bias in included studies
Figure 2 presents a summary of risk of bias judgements.
Allocation
We determined that none of the studies was at low risk of bias for either of the selection bias domains. We judged all studies as having unclear risk for random sequence generation because study authors did not describe methods. Most of the information provided concerned selection of eligible schools that were approached to take part and how investigators attempted to balance characteristics across groups, rather than how the random code was generated. We considered all studies to be at high risk of bias owing to issues with allocation concealment, primarily the way in which study investigators matched and assigned participants or schools to balance characteristics across groups. This was particularly the case in cluster trials, which paired schools before randomisation to balance factors such as types and locations of schools and socioeconomic variables. Although legitimate, this matching would have prevented full concealment of allocation and may have led to selection biases, especially when clusters were few.
Blinding
Owing to the nature of the interventions delivered in these studies, blinding was not possible for those delivering or receiving the intervention, and this may have, intentionally or unintentionally, affected how participants and study staff in each group behaved. This performance bias is evident in the treatment that each group received and in the ways participants behaved simply by knowledge of their allocation, and it may have affected outcomes in different ways. Only one study described methods used to blind outcome assessors (Bruzzese 2006), but some outcomes will not be biased by lack of outcome assessor blinding. For this reason, we considered the possible effects of performance and detection biases separately for each outcome when we applied GRADE criteria.
Incomplete outcome data
We considered one study to be at low risk of bias (Kawafha 2015); although dropout was higher in the intervention group (10%) than in the control group (5%), investigators reported few missing data over the course of the three-month study. We considered four studies to be at high risk of attrition bias were longer studies (with time points ranging from six months to two years) that described a large quantity of missing data by the time of final data collection. In Bruzzese 2006, the level of retention was similar between groups and researchers performed intent-to-treat analyses, but the quantity of missing data (and hence of data that had to be imputed) was high, especially by the two-year endpoint (around 38% for caregivers and children). Henry 2004 could analysed only data from students or teachers that could be paired from both time points, meaning that 82.7% of students and 43.9% of teachers contributed to the data analysis. Furthermore, analysis included far more teachers from the control group (54%) than from the intervention group (37.8%). In McCann 2006, although the number of children dropping out was fairly low and balanced (12.3% and 11.5% for intervention and control groups, respectively), a substantial quantity of data was missing for some outcomes, particularly staff asthma knowledge. Therefore, risk of attrition bias for this study is dependent on outcomes.
Selective reporting
We did not identify trial registrations for any of the included studies, so it was difficult to assess the extent to which study authors reported their planned outcomes. For this reason, we rated four studies as having unclear risk of reporting bias (Bell 2000; Bruzzese 2006; Henry 2004; Kawafha 2015). We judged McCann 2006 to be at high risk of reporting bias because investigators reported data for several outcomes of interest to the review in a way that did not allow their inclusion in a meta-analysis. The publication focused on associations with treatment modifiers (e.g. sex, pet ownership, social deprivation) rather than on overall treatment effects versus the control group, and study authors reported some outcomes simply as "no effect" (e.g. absence).
Effects of interventions
See: Summary of findings for the main comparison
Primary outcomes Visits to emergency department (ED)/hospital
Bruzzese 2006 reported mean numbers of ED visits, urgent visits and hospital visits per participant in the previous 12 months, both at one year and at two years post intervention. We did not analyse the data because an obvious skew makes the results difficult to interpret. We presented the data as reported in the paper (Analysis 1.1) and did not attempt to apply GRADE criteria to this outcome.
Mortality
We found no reports of any deaths that occurred during the course of these studies. 
Asthma control
No studies reported validated measures of asthma control such as the Asthma Control Test (ACT) or the Asthma Control Questionnaire (ACQ). Two studies reported validated measures of asthmarelated quality of life, which we have presented as a post hoc proxy for asthma symptom control. When we pooled 12-month caregiver data from Bruzzese 2006 with student-reported measurements from Henry 2004, we found no differences between groups (mean difference (MD) 0.14, 95% confidence interval (CI) -0.03 to 0.31; 1005 participants; two studies; I² = 0%; low-quality evidence); both confidence limits were well below the 0.5 minimal clinically important difference (MCID) for the scale. A sensitivity analysis based on a fixed-effect model did not change these results. Follow-up data at 24 months in Bruzzese 2006 were in the opposite direction but confidence limits again fell almost entirely within the 0.5-point MCID (also shown in Analysis 1.2). Bruzzese 2006 presented data as final scores with evidence of imbalance at baseline, so we calculated the change from baseline and used variance for final scores. This may have resulted in underestimated precision, but this is not an issue because effect estimates were neither statistically nor clinically significant. Bruzzese 2006 also reported non-validated counts of symptom days, night-time awakenings and restricted activities of daily living (ADLs), all for the past two weeks and the past six months, at 12 and 24 months. We did not analyse the data, as they were skewed; some mean scores were better in the active group, but most differences between groups were small and did not persist to 24 months. We did not attempt to apply GRADE criteria to this outcome.
Secondary outcomes Other adverse events
No studies reported adverse events (e.g. worsening of symptoms, delay in receiving short-term therapy) that occurred during the course of the interventions. The only study that reported adverse events related to asthma was Bruzzese 2006; we have summarised these data in the section 'Visits to ED/hospital' under Effects of interventions.
Adherence to asthma policies
Two studies reported the number of schools that had asthma policies before and after the intervention (Henry 2004; McCann 2006), and one study reported the number of schools that improved measures taken to prevent exercise-induced asthma attacks and the number of principals reporting that most or all of their staff knew how to administer salbutamol via a spacer. We have presented these data side by side in Analysis 1.3. More schools that had received staff asthma training had written asthma policies compared with control schools (odds ratio (OR) 4.45, 95% CI 1.38 to 14.30). However, more intervention schools had policies at baseline, both in McCann 2006 (5/12 intervention; 3/12 control) and in Henry 2004 (3/17 intervention; 2/16 control). Henry 2004 found that more intervention schools showed improvement in measures taken to prevent or manage exercise-induced asthma attacks (OR 9.33, 95% CI 1.65 to 52.68) and more of these schools reported that staff felt able to administer salbutamol via a spacer (OR 20.22, 95% CI 3.45 to 118.65). Overall, we assessed the evidence for this outcome to be of low quality because we had concerns about risk of bias in the included studies and about imprecision. A sensitivity analysis based on a fixed-effect model did not change the results. McCann 2006 reported that "no effect of the intervention was found" after adjusting for social deprivation, and that "absences were considerably lower than...anticipated in relation to the power calculations on which the recruitment numbers were based". We did not attempt to apply GRADE criteria to this outcome.
Staff self-efficacy and preparedness
Three studies used staff knowledge scales that could be combined in an analysis (Bell 2000; Henry 2004; Kawafha 2015). Knowledge was higher in groups that had received asthma education, although it is difficult to interpret the meaningfulness of this difference (standardised mean difference (SMD) 0.74, 95% CI 0.33 to 1.16; 640 participants; three studies; I² = 73%). Statistical heterogeneity in the analysis might be explained by differences in the scales used or variation in the time points at which measurements were taken (four weeks to eight months). A sensitivity analysis based on a fixed-effect model yielded a more precise estimate but did not change the conclusions. Studies reported various other measures that reflected staff preparedness. Bell 2000 provided mainly categorical data on questions within the knowledge questionnaire regarding how many staff recognised wheeze or cough as a symptom after the fourweek intervention, the number of trigger factors that were correctly identified, the number of ways used to prevent exercise-induced asthma that were correctly identified and the number of preventive medicines that were correctly identified. The data, although difficult to interpret, generally point to somewhat better responses in the intervention group, which would be expected. Henry 2004 reported the number of schools seeking additional input about asthma, which may reflect greater appreciation of the seriousness of asthma after the intervention; 11 of 17 intervention schools sought additional information about asthma during the observation period, compared with 3 of 16 control schools. This study also reported staff attitudes (split into 'internal control', 'powerful others' and 'chance'), which we did not deem relevant for inclusion in this review. McCann 2006 narratively reported staff asthma knowledge. Investigators noted that some measures of asthma knowledge were low at baseline (e.g. only 16.8% and 17.7% noted exercise and colds as asthma triggers, respectively) but that most staff correctly identified differences between reliever and preventer medications. Around half of the teachers were concerned about having children with asthma in their class, and 40% reported that they were not confident about dealing with an asthma attack. It is important to note that intervention schools did not reveal a significant change in these measures.
Qualitative synthesis
We recorded information regarding educational content and teaching attributes of the interventions. Information in published reports was not sufficient to allow a meaningful synthesis of the content that led to a successful intervention, nor of the resources required to replicate it accurately. We have provided a summary of details for each study in the Characteristics of included studies table and in the descriptions of studies above.
D I S C U S S I O N Summary of main results
This review includes five cluster-randomised controlled trials Researchers carried out all studies in schools. Interventions provided were educational programmes or training sessions, but the duration, content and method of delivery varied. Some studies also involved workshops for pupils or training sessions for primary care providers. Owing to the necessary design of these trials, risks of selection, performance, detection and attrition bias were present to a differing extent across studies and outcomes. Quanitative and qualitative analyses were limited. Only one study reported visits to emergency department (ED) or hospital, and these data were too skewed for analysis. No studies reported any deaths or adverse events. Studies did not report asthma control consistently but data from the paediatric asthma quality of life questionnaire revealed no differences between groups (mean difference (MD) 0.14, 95% confidence interval (CI) -0.03 to 0.31; 1005 participants; quality downgraded to low for risk of bias and indirectness). All data on symptom days, night-time awakenings, restricted activities of daily living and school absences were skewed or could not be analysed; some mean scores were better in the trained group, but most differences between groups were small and did not persist to 24 months. Schools that received asthma education were more adherent to asthma policies, and staff at these schools were better prepared; more schools that had received staff asthma training had written asthma policies compared with control schools, more intervention schools showed improvement in measures taken to prevent or manage exercise-induced asthma attacks and more staff at intervention schools felt that they were able to administer salbutamol via a spacer. However, the quality of the evidence was low; data showed some imbalance at baseline, and confidence in the evidence was limited by risk of bias and imprecision. Staff knowledge was higher in groups that had received asthma education, although results were inconsistent and were difficult to interpret owing to differences between scales (low quality). Information about the interventions was insufficient to allow a meaningful qualitative synthesis of content that led to a successful intervention or of resources required to replicate findings accurately.
Overall completeness and applicability of evidence
The five included studies enrolled more than 100 schools, although data for no more than 1005 students with asthma, 640 teachers or 57 schools contributed to any single analysis. This reduced the applicability of study findings, limited the precision of results and prevented investigation into moderating factors of interventions and participants. We could not conduct subgroup analysis as planned to test whether effects of educating school staff differed between primary and secondary schools (none of the studies included children older than 13 years of age), nor could we test the robustness of results by limiting analyses to published data or to studies at low risk of selection bias. This review could not identify the content and attributes underpinning successful interventions, which means that review findings are difficult to apply in real-world settings. We set out to find evidence about interventions aimed at educating staff on how to respond during an asthma attack and how to manage children's asthma effectively at school, but interventions often included additional materials and elements aimed at other groups (e.g. pupil workshops, training sessions for healthcare providers), making it difficult to isolate the effects of interventions, and the small number of included studies prevented meaningful assessment of different aspects of the interventions provided. Required resources varied from a short single session (Bell 2000) to repeated longer sessions (Henry 2004; Kawafha 2015), and we could not discern whether more intensive interventions led to larger or more sustained effects. Although we could not assess formally whether asthma education provided for school staff is more or less important for children from minority backgrounds or for those from lower-income families, we noted a good demographic spread within and between studies. No studies took place in lower-income or lower-middle-income countries, one was conducted in an upper-middle-income country (Jordan) and four were completed in high-income countries (Australia, the UK and the United States). One study specifically focused on a population of lower socioeconomic status (Bruzzese 2006). We designed this review to focus on important clinical effects of staff asthma education on children's health, but identified studies often were not designed or powered to measure or detect benefit for rare events such as mortality or hospital visits. The resources required to conduct studies of complex interventions in community settings are significant, and this may explain why follow-up was limited for most of the included studies. Outcomes measured in the included studies that were not captured in this review may provide important insights on matters such as sustainability of the intervention (Henry 2004) or benefit for case detection (Bruzzese 2006). These important considerations may be more suitably assessed by a review of non-randomised literature designed to supplement randomised evidence of effectiveness. We chose to limit this review to randomised evidence so that we could make more solid inferences about cause and effect, but in practice, we found this difficult to do owing to biases that were difficult to control. The larger non-randomised evidence base, which has been reviewed previously and is summarised below, serves to bolster our findings, but the lack of evidence on how (and whether) staff apply the knowledge gained from such programmes is discouraging (Jaramillo 2015; Murray 2007; Soo 2013).
Quality of the evidence
We were not able to apply GRADE criteria to all outcomes as planned because we could not pool data for some analyses. When pooling was possible, we had low confidence in the evidence. Primarily, our confidence in study findings was limited by inherent biases related to trial design. Cluster, open-label trials are most appropriate for assessing this type of intervention but often cannot control for biases related to participants' knowledge of allocation, difficulties in concealing allocation while trying to balance moderating factors and incomplete data from participating children and teachers. These characteristics mean that although trials are being conducted in a real-world context, presenting strong conclusions about their findings is difficult, especially across trials with variations in design and implementation. Heterogeneity, methodological and statistical, also reduced our confidence in some findings. Methodological heterogeneity was sometimes introduced because trials used different measures or time points for the same outcome, but multiple unidentifiable sources of heterogeneity within this sort of review may be due to the complexity of interventions and contexts. For this reason, although we were able to pool results for some meta-analyses, we limited this approach in favour of more nuanced narrative syntheses. We found that results were sometimes limited by imprecision of the estimates related to the fact that only scant data could be pooled.
Potential biases in the review process
We carried out the review according to the published protocol (Kew 2016) and detailed any deviations from it under Differences between protocol and review. Insufficient data prevented us from carrying out qualitative analysis of intervention characteristics and limited the conclusions that could be drawn from quantitative analyses. We attempted to contact study authors to request additional outcome data and intervention characteristics but were able to contact only the authors of Bell 2000 and Bruzzese 2006. We could not obtain data from authors of the Henry 2004 study, as the primary investigator has since retired; we failed to make contact with the authors of Kawafha 2015 and McCann 2006. Any data forthcoming after publication of this review will be filed appropriately for future updates of this review.
Agreements and disagreements with other studies or reviews
A recent systematic review (Soo 2013) collated randomised and non-randomised evidence (two and eight studies, respectively) on staff asthma education provided to improve pharmacological management of acute asthma in schools; both of the randomised trials considered in this previous review are included in the present review (Bell 2000; McCann 2006 ). Soo 2013 focused on younger children and excluded studies that included only high-school-aged children and adolescents. Results presented by Soo 2013 are very much in agreement with our finding that education effectively increases asthma knowledge among school staff, but evidence is limited regarding how such knowledge can be applied in practice. Inclusion in the former review of non-randomised evidence, which we also collated for review but not for inclusion, further supports this finding. Jaramillo 2015 collated nine primary studies that assessed teacher knowledge and adherence to asthma policies in US schools and found high reliance on school nurses and gaps in knowledge about how to guide asthma management. The latter theme runs through the literature in various countries (Abdel Gawwad 2007; Olympia 2005) and is supported by baseline characteristics and observations reported by our included studies. Unfortunately, interventions assessed thus far in randomised trials do not show that education addresses this problem effectively.
Non-randomised studies have reported varying success of different types of asthma education programmes for school staff, ranging from information pamphlets or presentations (Abdel Gawwad 2007; Snow 2004) to more complex educational interventions (Korta Murua 2012) and partnerships between schools and healthcare providers (NCT00005736; Olympia 2005). Findings focus on misgivings of current asthma knowledge in the schools or on ways to improve staff knowledge but do not show a measurable effect on important outcomes for children. The non-randomised evidence is based on a similar range of interventions, and most findings are consistent with those based on randomised evidence.
A U T H O R S ' C O N C L U S I O N S Implications for practice
Asthma education for school staff increases asthma knowledge and preparedness, but studies are varied and all evidence is of low quality. Studies have not yet captured whether this improvement in knowledge has appreciable benefit over a short or longer term for the safety and health of children with asthma in school. Randomised evidence does not contribute to our understanding of what content or attributes of interventions lead to best outcomes, nor what resources are required for successful implementation.
Implications for research
Studies are needed to address the evidence gap in this field. Future studies should recognise the unique context of educational research if they are to identify not only whether an intervention is effective, but what key content is associated with effectiveness. Publications of educational research should include a full description of intervention content and resources required to allow feasibility assessments and replication. This applies to both randomised and non-randomised studies, although the latter may be better placed to observe important clinical outcomes such as exacerbations and mortality over the longer term.
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C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Bell 2000
Methods
Study design: parallel cluster-RCT Length of observation: 4 weeks Setting: 10 primary schools (5 matched pairs) in Northern Ireland, UK (English language)
Participants Population: 5 schools were randomised to receive the intervention (53 teachers; 36 had data at baseline and at follow-up) and 5 to serve as the control group (60 teachers; 45 had data at baseline and at follow-up) Age group: primary school Socioeconomic status: not reported
Baseline characteristics
No details about children. Study reports number of years teaching, age of class taught, number of children with asthma in class, previous training in asthma, personal or family/ friends' diagnosis of asthma. A large proportion of the intervention group (91.7%) said they had received previous training in asthma (62.2% in control group) Inclusion criteria: teachers at randomly selected primary schools in Northern Ireland. 91 primary schools from a single Education Board were placed in matched pairs according to numbers of teachers, pupil numbers and locations (postal code). Schools were randomly assigned to control or intervention. 16 pairs of schools then were randomly selected and were asked to participate. 5 pairs (10 schools) agreed to participate Exclusion criteria: any school that had previously been asked to complete a questionnaire on asthma knowledge Interventions Intervention Summary of content: "The training session provided information about the pathophysiology of asthma, symptoms and trigger factors of asthma, differences between reliever and preventer medication used in the treatment of the condition, inhaler devices, and action to be taken in an emergency" Number/ 
Unclear risk
The primary schools were all from one Education and Library Board. All schools were placed in matched pairs excluding those that had participated in the questionnaire portion of the study. After matching, schools were randomly put in control or intervention groups but details are not provided. Sixteen pairs of schools were then randomly telephoned to ask if they would participate; 5 pairs agreed Allocation concealment (selection bias) High risk The method and order in which allocation and selection took place would not have controlled adequately for biased allocation to groups
Blinding of participants and personnel (performance bias) All outcomes High risk Blinding was not possible for those delivering or receiving the intervention; this may have, intentionally or unintentionally, affected how participants and study staff in each group behaved. The risk is not necessarily high for all outcomes, so we considered the possible effect of performance bias separately for each outcome when applying GRADE Blinding of outcome assessment (detection bias) All outcomes
High risk
The main outcome measure was knowledge selfreported on the Newcastle Asthma Knowledge Questionnaire (NAKQ), which might have been biased by teachers' knowledge of the group to which they belonged Incomplete outcome data (attrition bias) All outcomes
High risk 17/53 (32%) teachers in the intervention group and 15/60 (25%) teachers in the control group did not fill out the 4-week questionnaire Selective reporting (reporting bias) Unclear risk The NAKQ is reported fully, but the paper states that the attitudes questionnaire is not reported, and that no associated trial protocol or registration is available against which to check for other measured outcomes
Bruzzese 2006
Methods Study design: parallel cluster-RCT Length of observation: most outcomes at 12 months; telephone interviews at 24 months; absences at 2.5 years Setting: 44 schools in New York (English language) Participants Population: Schools were randomised. 307 families were included in the intervention group and 284 in the control group. Dropout was 20.5% and 19.7% in intervention and control groups at 12 months and was 36.5% and 39.1% at 24 months Age group: kindergarten to grade 5, i.e. primary-aged children up to age 11 Socioeconomic status: lower socioeconomic status population: "more than 50% of students receiving free lunch and more than 67% being ethnic minorities"…"chosen to ensure reaching low-income ethnic minority families, the target of our intervention" Baseline characteristics Intervention: mean age 7.8 years (SD 1.5); % male 57.8; 47.4% Hispanic; 37.5% black; 20.7% white; 41.8% other, including biracial; 3.3 symptom days/wk; 2.5 night awakenings/2 wk Control: mean age 7.8 years (SD 1.4); % male 59.4; 48.2% Hispanic; 34.2% black; 20. 6% white; 45.2% other, including biracial; 3.6 symptom days/wk; 3.2 night awakenings/ 2 wk Inclusion criteria: Eligible schools had "more than 50% of students receiving free lunch and more than 67% being ethnic minorities"…"chosen to ensure reaching low-income ethnic minority families, the target of our intervention". Eligible families were "those with a child diagnosed with asthma and symptoms of persistent asthma" according to NHLBI criteria. Children with prior persistent asthma diagnosis with 3 or more days of symptoms per week or night-time awakening 3 or more times a month Exclusion criteria: not reported Interventions Intervention Summary of content: 3-day workshop for school health team to train teachers in a 45-minute session. Additional training for primary care providers (PCPs), and preventive care activities with caregivers from nurses and physicians. The session delivered to teachers by the school health team covered asthma and their role in helping children manage asthma in school. Training by university staff and study physicians given to students' PCPs covered preventive therapy, communication, patient education and procedures for establishing medication plans in schools using the Physician Asthma Care Education (PACE) programme. Preventive care activities were given by nurses and physicians to caregivers of children with asthma, including assessing child asthma severity and needs, providing asthma education as needed, presenting sample treatment plans to PCPs, encouraging caregivers/PCPs to complete school medication forms when required and referring families for medical care when needed. Nurses also conveyed instructions from management plans to teachers School health team implemented preventive care with investigator support for 2 years via monthly visits from the nurse educator. An additional year of support was provided if needed to sustain the intervention Number/duration of sessions: single 3-day workshop for school health team and one 45-minute session for teachers plus ongoing monthly support from school health team Delivered by/to: by school health team (full-time school nurse, school physician (2 days a month), public health assistant (2 to 3 days a week), schoolteacher or administrator Allocation concealment (selection bias) High risk "schools were paired by size and borough to control for potential borough differences. Schools were randomly assigned in each pair either to "intervention" or to "control" status; control schools received the intervention after the evaluation". This method of pairing may have introduced an allocation bias
Blinding of participants and personnel (performance bias) All outcomes High risk Blinding was not possible for those delivering or receiving the intervention, which may have, intentionally or unintentionally, affected how participants and study staff in each group behaved. The risk is not necessarily high for all outcomes, so we considered the possible effect of performance bias separately for each outcome when applying GRADE Blinding of outcome assessment (detection bias) All outcomes
Low risk "NERI, an independent research company blind to treatment status, conducted caregiver telephone interviews at baseline and at 12-and 24-months post-baseline"
Incomplete outcome data (attrition bias) All outcomes
High risk 591 children were in the study at baseline -307 in the intervention arm and 284 in the control arm. The intervention arm provided data for 244 (79.5%) and 195 (63. 5%) children at 12 and 24 months, respectively. The control group provided data for 228 (80.3%) and 173 (60.9%) children, respectively. Report states "We followed the intent-to-treat principle". The level of retention over the 2 years was similar across groups and intent-to-treat analyses were performed, but the quantity of missing data (and hence the quantity that had to be imputed) was high, especially by 2 years (38% missing for caregivers;around the same for children)
Selective reporting (reporting bias) Unclear risk Named outcomes appear to be well reported at the time points described but no trial registration is available to check 
Henry 2004
Methods
Interventions
Intervention Summary of content: Three-session Living With Asthma Package about asthma delivered to a school representative, who was then provided with the Living With Asthma teaching kit. Three-session package designed to be taught within the Personal Development/Health/Physical Education (PD/H/PE) strand of the school curriculum. Full details of the package, developed as a joint exercise between school teachers and health professionals, are published here. Each intervention school was invited to send a representative to a 1-day in-service seminar. This covered health and educational principles of asthma education among adolescents, highlighting important features about asthma and its management and indicating the way in which the package was consistent with the educational principles espoused in the PD/H/PE curriculum Number/duration of sessions: 1 seminar followed by 3 in-school teacher-led sessions Delivered by/to: by "those who had been involved in the development of the package", to a school representative at the seminar (then subsequently to teachers and students) Follow-up: questionnaires were undertaken between 6 and 8 months after baseline data were collected. Five years later, in 1999, a questionnaire was sent to head teachers to ascertain whether the Living With Asthma programme was still being taught Control All schools were instructed that a community asthma educator could be contacted for assistance with staff training in management and policy development in the school setting. Control schools were offered the package and teacher training after the study Outcomes Follow-up data were collected from students and teachers from August to October 1993 by questionnaire. In addition, we recorded requests for assistance from teachers Baseline and follow-up questionnaires measured asthma knowledge (Newcastle Asthma Knowledge Questionnaire, slightly modified for adolescents, score 0 to 31), attitudes, symptoms (based on internal locus of control model, 6-point Likert scales for which higher scores represented stronger attitudes). Students with asthma additionally filled out a quality of life questionnaire (based on the Juniper AQLQ) and an 18-item questionnaire concerning their personal history of asthma symptoms, use of asthma treatments and school absenteeism due to asthma. School requests for assistance were documented Notes 
A D D I T I O N A L T A B L E S
D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W
We were not able to carry out qualitative analysis as planned because information on the interventions provided was insufficient. We attempted to contact study authors to ask for more information, but they were unable to provide it, or we were not able to make contact. We were also unable to conduct some of the planned quantitative syntheses, particularly subgroup and sensitivity analyses, because usually only one or two studies reported each outcome; we have explained this in greater detail in the Effects of interventions section.
